PROTON DRIVER

Weiren Chou

June 28, 1999 at the BNL Instability Workshop
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Department Name Time fraction (%) Work

Proton source C. Schmidt 20 H (Hardware)
M. Popovic 40 H
A. Moretti 20 H
J. Lackey " 30 H
L. Allen 10 H
R. Tomlin 10 H
Beam physics F. Ostiguy 40 C (Calculations)
B. Ng 30 C
W. Chou 70 C
C. Ankenbrandt 70 C
W. Wan 20 C
A. Drozhdin 20 C
N. Mokhov 20 C
0. Krivosheev 20 C
J. Johnstone 30 C
E. McCrory 10 C
Muon Collider C. Johnstone 40 C
N. Holtkamp 10 C
MI I. Kourbanis 20 C
D. Johnson 20 C
C. Bhat 10 C
S. Assadi 20 C
Tevatron D. McGinnis 10 H
J. Steimel 20 H
(V. Wu) - C
RF D. Wildman 40 H
Z. Qian 40 H
ME T. Anderson 30 H
EE H. Pfeffer 30 H
D. Wolff 30 H
S. Fang 30 H
C. Jach 30 H
G. Krafczyk 30 H
Consultants D. Ritson 25 C
J. Griffin 25 C
F. Mills 20 C
D. Young 20 - C
Fen-BPp————TBA)> 300 -
TOTAL: 310 FTE equivalent plus technicians (= same % for each H)
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1. Goal and plan:

e Possible steps to realize a muon collider:
(a) Phase I proton driver and a muon storage ring for a neu-
trino source.

(b) Phase II proton driver and a 100 GeV muon collider for a
Higgs Factory.

(c) A 3-4 TeV muon collider.
e Primary requirements of a proton driver:

(a) High intensity and high beam power: 1 x 10 protons per
cycle at 15 Hz, 16 GeV, 4 MW.
(Compared to the present Fermilab booster: 20 times more
in intensity, 40 times more in beam power.)

(b) Short bunch length: o = 1-2 ns at exit. —» U7P«€ 7@“'! of the
e Our goal: prifon river

To complete a Proton Driver Technical Design Report (TDR)
by October 2000.
e Plan:
— A Proton Driver TDR Team has been formed since Novem-

ber 1999. There are about 30 part-time physicists and
engineers for a total of 9 FTE.

— There are 5 working groups:
* RF and beamloading;
* Collective effects; (K-Y. Ng)
* Magnet, power supply and vacuum;
* Lattice, injection/extraction, collimation and beamline;
* H™ source and hinac.
Each group has a weekly meeting., The discussions are

summarized in activity reports.

o In FY99, the focus is on the design of key technical compo-
nents, including several hardware R&D and prototyping (rf
cavities, beam pipe and a modulator).



2. Staged implementation:

e The main requirements of the proton driver are:
— 1x 10" protons per cycle (20 x that of the present Booster)
at 15 Hz
— 16 GeV (2 x that of the present Booster)
— 4 MW (40 x that of the present Booster)
— o = 1-2 ns at exit
e These requirements will be met in 2 stages.
— Phase I — To build a new 16 GeV booster in a new tunnel.
- The present 400 MeV linac will still be used as the injector.

This new machine will deliver 2.5 x 10!3 protons per cycle
at 15 Hz. (5 x I and 2 x E than the present Booster)

— Phase II —~ The addition of a new linac and a new pre-
booster for another factor of 4 increase in beam intensity.
o Justifications of Phase L
(a) To remove a bottleneck:
— Present Hnac can deliver 2.5 x 10'* H™ per cycle. (45
mA X 90 pus)
— With modest upgrade, the new Main Injector can take
2.5 x 1013 from a booster batch for 6 batches.

— The bottleneck is the present Booster, which can only
deliver 5 x 10'? protons.

(b) Benefits to existing and planned Fermilab programs:
— To meet the requirement of a future neutrino source.
— To enhance the fixed target program (NUMI, KAMI,
MiniBooNE, etc.) |

— To provide a possible path for the Tevatron collider
experiment beyond Run IL



Table 1: Evolution of the proton source parameters in the scenario described in the
text. Phase 1 of the proton driver assumes a new 16 GeV Booster that uses the
present 400 MeV linac as its injector. In Phase 2 a new 1 GeV linac and a 3 GeV
Pre-booster are added. Parameters of the present linac and booster are also listed for
comparisomn.

—
— ==

Present Phase 1 Phase 2

Linac (operating at 15 Hz)

Kinetic energy (MeV) 400 400 1000
Peak current (mA) 40 45 80
Pulse length (us) 25 90 200
H~ per pulse 6.3 x 10'2 2.5 x 1013 1 x 10"
Pre-booster (operating at 15 Hz)

Extraction kinetic energy (GeV) 3
Protons per bunch 2.5 x 1013
Number of bunches 4
Total number of protons 1 x 10
Normalized transverse emittance (mm-mrad) 200
Longitudinal emittance (eV-s) 2
RF frequency (MHz) 7.5
Booster (operating at 15 Hz) .
Extraction kinetic energy (GeV) 8 16 16
Protons per bunch 6 x 101 3 x10" 2.5 x 103
Number of bunches 84 84 4
Total number of protons 5x 102  25x10% 1x10M
Normalized transverse emittance (mm-mrad) 157 507 2007
Longitudinal emittance (eV-s) 0.1 0.1 | 2
RF frequency (MHz) 53 53 7.5
Extracted bunch length o, (ns) 0.2 0.2 1

Target beam power (MW) . 0.1 1 4




3. Beam physics issues
(a) Longitudinal dynamics ( 49h Phese space dexsisy /)
(b) Injection ( Pawdng; "fm'l Physies)
(c) Beam instability and space charge
(d) Lattice  ( a0 HramsVhion; jarge momeste. aecepfance )
(e) Tolerable beam loss, collimation and shielding
(F) Ripple effects durng ‘njechion  (see Power supply shudy )
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Table 1. Proton Synchrotrons Performance

4 lovgi. phese space densiy

Machine | Emax | Nt | No | Ab | € | ms | Nu/Ab) | Noférms | No/(Apel ev)
(GeV) | (10'%) | (10"%) | (eV-s) | (pm) | (pm) | (1072 /eV-s) | (10'%/um) | (10'°/eV-s/um?)

BNL AGS A 63 8 4 10 10 2 0.8 2

CERN PS 14 25 | 1.25 | 0.7 | 125 | 10 1.8 0.11 1.4
CERN SPS 450 46 | 0.012 | 0.5 10 7 0.024 0.0014 0.03
KEK PS 12 | 36 | 04 2 5 | 15 0.2 0.04 ° 0.27
FNAL Booster 8 4 0.05 | 0.1 3 3 0.5 0.02 5.6
FNAL MR 150 20 | 0.03 | 0.2 2 2 0.15 0.02 3.8
DESY I1I 7.5 1.2 | 0.11 | 0.09 5 3 1.2 0.03 8.1
PETRA II 40 5 0.08 | 0.12 | 87 | 6.2 0.7 0.01 1.2
PSR (de) 0.797 | 23 23 1.25 | 6.5 | 13.4 18 2.3 21
ISIS (7 rabe. 17} 0.8 25 | 125 | 0.6 A7 | 471 21 0.27 0.94

Planned: | :
"AGS for RHIC | 25 0.4 0.4 03 | 15 | 1.5 1.3 0.3 59
PS for LHC | 26 14 0.9 1.0 | 2.8 | 2.8 0.9 0.3 11
SPS for LHC | 450 24 | 0.1 06 | 35 | 3.5 0.2 0.03 1.6
FNAL Main Inj | 150 60 | 0.12 | 0.1 2 2 1.2 0.06 30
KEK JHP - 50 200 | 12.5 5 55 55 2.5 0.2 0.08
pp Proton Dr | 16 100 25 2 35 | 35 12. 0.71 1.0
f«ﬁ ws,\.s...‘%.w\ | 1.

Prodvr, Driver
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Figure 3: Cross section view at the Injection point.
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Figure 7: Beam population at the foil location at 150-th (top) and 200-th (bottom)

turn from the beginning of beam painting.
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(¢) Collective effects:

(;) “Conventional”: (sort of know-how)

¢ Impedance budget
o Resistive wall
e Slow head-tail
e Coupled bunch
e eic.
(;i) Non-conventional: (need to be understood)
¢ Longitudinal microwave instability below transition (/s ¥ & seen?)

~ @ Fast head-tail (transverse mode-coupling) in the presence
of strong space charge
e Inductive compensation of space charge effects ( 7SR, KEK-PS 24ts.)
e Space charge induced coherent modes (¢ 65T, KEK stdies)

e Synchro-betatron resonance due to dispersion in rf section
kQﬂ + mQ s —TMN

k = 1 has been studied by T. Suzuki and others. How
about k = 2, 37

o Effects of large o; and o, during bunch rotation and ramp-
ing
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Figure 3: Ritson’s 16 GeV Proton Driver lattice transition energy.



Effests of o (W od2) Jwr"»? buncd retedion

6-21-1999

Rotation contour lines for
Carol Jattice. 820 turns.
%= 0.0067

&l= 0.14

T =16 Ge¥Y

h=12

Ve=1MV.

- 2 1 L 1 . } ] A 1 !
\ © 10 20 30
- \ s
: !  Rotation contour lines for

L g Ritson lattice. 1400 turns.
v =D -
- e=005
T =16 GeV
h=12
Ve=1MV,



d) Lothee .
1> ?e’.w‘m.mz«‘:’: ‘
. ém d ispersion m-ﬁ‘é Sections .

/

.« high (or imeginary) V¢
~ This excludes F0DO due o the see)ing
no~ (R
E ~ R

- COhS,'Jer"n} Vafl‘d,\)tl'or)_s of t‘e Fre
( f/ex-'b/e, Mo mevitin, COMfaa)‘v‘on)

[arge momestum ceeepfince .
@m . £17
(@ 2rtr . 287 difficntt )
ity Ring Size consi’ derefion .
| E..~ Bmx = C

16 6w L3T  47¢m « ?2)
( can not eo-_a,,,.';,t)

ity  Camdidades .
A + Daplet ( C. Tohnshore )
A - DoFo witl missing dipale ( D. Rbn )

FoDo with missiag dipole ( D. Tebajev.e)
Combined Junekion magnets |athee (L. Tens )



Febo w UQNQ

DS (nagahve band)

4 x FMC module (168 m arc)

M\ Sx m\.

|

itson's PURE_DO

_FMC Triangular Lattice

“d ™

(m)

llllllllllllll

11111111111111
“Mx » Ny

o

o0

100
Path Length (m)

150



C . Tohnstore

- 1.5
- 1.0
~-0.5
- 0.0
- =05

=25

(W) "a
<
®
m,'
1 I
T%%
<3
m.
_,._lucvlvm
>
@«
13 T
I
L 5=
S o
<R -
_
S =|
i} ’

~ 27.50

w) ¢

8.25 1
5.50
2.75

0.0

40.

s (m)

0.0

Table name = TWISS

Sefpoc = 0.



DOSE RATES

e Peak accumulated dose in the Prebooster magnet coils at

3 GeVis 1.82 4 mgﬁﬁ i.e. one can tolerate about 26 W /m.

e Residual dose rate at the Prebooster magnet coils at 3 GeV (at

contact after 30 day irradiation and 1 day cooling) is 3.7 e

i. e. one can tolerate about 13 W /m.

o Accidental beam loss defined as a local loss of a full beam over
one hour (10 x 15 Hz x 3600 sec) requires shielding—as per

Fermilab policy—to reduce dose to 1 mrem = 1.85x1072¢ Sv/p
(see plots). At 16 GeV this is 29 feet of dirt.

N. Mokhov, Fermilab



’

GeV prebooster: 27.3 22% for 3H and 0.456 %%.w.
Y

A \J o A

ml-y
~for SZQ. It is mbm with a 40 cm concrete wall for each isotope
separately, but cumulative effect requires the tolerable loss limit to

be 0.6-10%° p/(m-s) which is equivalent to about 3 W /m.

l\l\.\l"\l

N. Mokhov, Fermilab
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A. Drozhdin
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Figure 5: Beam loss at slow growth of beam size without collimators. Kinetic energy
of beam particles is equal to 3 GeV.
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Figure 6: Collimators location in the injection region.
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4. Technical systems design

7.5 MH}
() RF { o mup

(b) Magnet — /onpe qperhure Single resonavee
(c) Power supply dusl- resonesnce
(d) Vacuum pipe — jneena! dust - fecp.

(e) H™ source and linac

(f) Wall power



D. Wridman

Status of 7.5 MHz RF Cavity

Engineering drawings 90% complete

Copper cooling plates being machined by
outside vendor

Remainder of machining done at Fermilab shops
25% of parts already completed

All machined parts completed by August 2™
Cavity complete by Sept. 1*

Design modification of Main Injector 200 kW
power amplifier for 7.5 MHz operation is now in

progress

Construction of amplifier to begin after Oct 1*
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Sheett
freg. (MHZ) 0 mm 15 mm  i25mm 46 mm |[75mm 'KEK O mm 'KEK 15 mm
0.5 72.8 14.27 8.03 3.17 3.94 ‘
1, 107.09, 42.49, 2458 19.07 12.79, 114.96
1.5 121.02 70.61  46.13, 36.67 25.71 : 123
2 131.03  94.67  69.26] 56.42 41.06  129.93 138.27
3. 143.68, 129.7 104.85 93.63 73.63  144.45 155.22
4. 153.48, 167.2] 136.92] 131.02: 106.28] 151.45] 166.16
5 159.21  179.1 168.42 155.74  132.7 3 182.91
6 164.74 194.47 192.56| 181.62  162.4. : 190.44
7.187.45 206.73  209.9, 218.32 189.59, ; 182.59
7.5, 170.09 . 215.52] 224.28. 217.6, ;
8/ 172.04, 216.11  223.1 236.74, 228.46 . 179.39
9 174.49  223.52, 236.22| 253.88 254.57 ;
10| 176.26; 223.88, 240.15 256.74. 262.13)
11 177.79 229.68; 245.97  268.5 277.03 1
12| 179.13] 232.58] 252.31| 277.8/ 292.33 j
13 180.23, 234.47, 257.26, 284.16 302.78
14, 181.03) 237.32° 261.42] 288.59 313.67
15 181.6; 236.57, 260.65 288.34; 312.7
16, | 237.93] 260.42] 292.44 316.01 |
17, | 238.32) 263.14| 295.16 323.36,
18; . 238.8 265.23| 297.57 334.29 |
19 . 238.5] 265.83] 297.86 331.44 ;
20, | 237.23] 264.71] 295.22 330.37
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| Z. Qhan
Sheet1
F(MHZ) [0 mm [15 mm |25mm |46 mm |75mm |KEK 0 mmKEK 15 mm
0.5/ 6.6911| 4.8716/ 3.3759| 3.1146, 2.426 ]
1| 5.0504| 7.4947| 5.3955| 5.5026, 4.474 6.0667
1.5/ 3.8667| 8.3863] 6.9395 7.2066 6.174 ;
2| 3.1716| 8.5126/ 7.9158| 8.3836, 7.495 3.58  14.378
3| 2.3332! 7.8062| 8.0285 9.3572] 9.058  2.631  10.774
4! 1.8495, 7.5958| 7.9158| 9.8448 9.845  2.501 8.6067
5( 1.4882| 6.4596| 7.8062| 9.3572) 9.845 | 7.539
6! 1.2305/ 5.7894| 7.3961| 9.0579; 10.019 | 6.228
7! 1.0176/ 5.1929| 7.0264, 9.8572) 10.013 . 5.6678
7.5 0.9228 6.535 8.9152, 10.78
8/ 0.8421, 4.6646 6.3137| 8.7769, 10.58 5.255
9| 0.6873| 4.1976 5.85| 8.2636; 10.39 :
10| 0.543] 3.6806| 5.2422| 7.3962] 9.514
11| 0.4204, 3.3332| 4.7867| 6.9395] 9.058
12/ 0.3057 2.9887| 4.4015| 6.4596, 8.643
13) 0.198, 2.6746 4.0408! 5.9758! 8.144
14 0.0963' 2.4023] 3.7062| 5.5026 7.7
15 2.1155 3.3332 5.0045  6.94 !
16, ~1.8807, 3.0061| 4.6252  6.535, | |
17 ' 1.6577! 2.7475 4.2635 6.174 j |
18 ' 1.4496, 2.5002! 3.9232 5.789
19  1.2527)  2.257! 3.5816  5.396 |
20 1.0612. 2.0145 3.2305 4.959 |
F-Q FINEMET CAVITY |
16 =
14
12
—— Series1| |
10 —B— Series? | |
—&k— Series3
s —>— Series4
6 % -3!(~—~Series5
@ Seriest
4 - Series/
2
0
w0 0 ™ w ~7Y o 1) o < © © o
o — - - - - - N
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Proton Driver Beam Tube Section
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{ RESULTS :

1-

TEMPERATURE

B.

MAG MIN:

/adms /home/v21_1/ms_emalone/magnet_thermal.mfl
C. 1,LOAD 1,TEMPERATURE_1
6.85E+02 MAX:

1.09E+03

E. Malone

1.09E+03

1.07E+03

1.05E+03

1.03E+03

1.01E+03

9.90E+02

9.69E+02

9.49E+02

9.29E+02

9.08E+02

8.88E+02

8.68E+02

8.47E+02

8.27E+02

8.07E+02

7.86E+02

7.66E+02

7.46E+02

6.85E+02

VALUE OPTION:ACTUAL




F. OsFsey

MULTIPOLES DUE TO EDDY CURRENTS ( 6/-74‘/ 79 )

(1) Elliptical beam pipe
(2) thickness >> skin depth
(3) Induced magnetic field << Main field

Magnetic gap 13 cm

Beam pipe wall thickness 1.25 mm

Beam pipe conductivity 0.8e6 mho m**-1
Beam pipe major radius (width): 11.34 cm

Beam pipe minor radius (height): 6.35 cm

dB/dt 780 kG/s

B 13 kG

NORMALIZED MULTIPOLES * 10**4 AT 2.54 cm

No Image Currents

Pole normal skew
2 ~36.00365 0.00000
4 0.00000 0.00000
6 0.45323 0.00000
8 0.00000 0.00000
10 -0.00911 0.00000
12 0.00000 0.00000
14 0.00021 0.00000
16 0.00000 0.00000
18 0.00000 0.00000
Including Image Currents
Pole normal skew
2 -92.76814 0.00000
4 0.00000 0.00000
6 2.61130 0.00000
8 . 0.00000 0.00000
10 -0.14606 0.00000
12 0.00000 0.00000
14 0.00103 0.00000
16 0.00000 0.00000
18 -0.00002 0.00000
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5. Collaborations:

¢ Proposals from BNL-Fermilab and LBNL-Fermilab
e US-Japan accord:

— High gradient rf cavity development. Fermilab is fabricat-
ing a Finemet cavity using the cores provided by Japan.

— RF chopper development. It will be built at KEK and
tested at HIMAC.

— Beam halo and collimation study.
— Barrier cavity development. (KEK and BNL)

e Machine experiments:

— High intensity bunch rotation experiment at the AGS (Jan
1999). ( Roser, Bresnan)
— Inductive insert experiment at the PSR (summer 1999). ( Mdcek')

e ICFA mini-workshops on high intensity proton machines:

— Sept 13-15, 1999 at Fermilab, on beam halo and collima-
tion; the organizers are N. Mokhov and W. Chou.

— March 6-8, 2000 at CERN, on longitudinal emittance con-

(7‘“‘{"’? trol and measurement; the organizers are T. Linnecar, E.
IcFA Shaposhnikova, R. Cappi and R. Garoby.
arp ,-ova/) — (Mid-February, 2000 ?) at LANL, on 2-stream beam in-
stability; the organizers are R. Macek, A. Thiessen and K.
Harkay.

o ICFA “full” workshop on high intensity high brightness hadron
beams: September or October 2000 at Fermilab.

e ICFA Beam Dynamics Newsletter: August 1999 issue will be a
spectal i1ssue on high intensity high brightness hadron beams.

-



PROPOSAL FOR PROTON DRIVER STUDIES IN FY99

Summary °

Title: Muon Collider Proton Driver R&D

Topics: 1. Inductive insert experiment at the AGS
2. High gradient rf cavity development

Collaborating labs and contacts: Fermilab (D. Neuffer and W. Chou), BNL (T. Roser)

Budget proposal: 200,000 dollars in F'Y99.

Description of the Work

1. Proposal to study passive compensation for longitudinal space charge effects in
the BNL AGS by insertion of ferrite inductors:

In the development of a muon colliding beam facility the proposed source for
muons is a fast cycling proton synchrotron capable of delivering two or four
bunches per cycle with total beam intensity 10'* protons per cycle. This proton
source is also useful for low energy intense muon beam and neutrino beam
experiments (which the KEK is interested). The extracted bunches are required
to be very short, with o ~ 1 ns. As the bunches are shortened prior to extraction
(by whatever technique), the momentum spread and horizontal beam size will be
determined by the longitudinal emittance of each bunch. In order to achieve the
required performance without demanding very large momentum aperture it will
be imperative to minimize the growth of the beam longitudinal emittance during
injection and acceleration. Space charge forces in the very intense injected beam
at low momentum will be potentially harmful in this context.

We propose here to study a technique for controlling the space charge effect in
a proton driver synchrotron (below transition), through the intentional intro-
duction of controllable inductance into the vacuum chamber of the Brookhaven
National Laboratory Alternate Gradient Synchrotron (AGS). This concept has
been described by A. Sessler and V. Vaccaro in 1968 [1]. Here we assume that
the effective space charge in the AGS is about -j50 © [2]. The existing in-
ductive components of ring impedance (about j10 2) reduce the space charge
impedance, leaving about -j40 {1 requiring compensation. Complete cancella-
tion of the space charge effect at injection would re&uire insertion of about 19
pH inductance for the AGS revolution frequency of wp = 2.2 x 10°.

At Fermilab there is a large supply of Ni-Zn ferrite cores, 8” O.D., 5” 1.D.,
and 1”7 thick. (Circular inner aperture 127 mm.) The cores have nominal
ur-~50 up to about 45 MHz. A “waveguide inductance” composed of such
cores would have inductance 4.7 uH/m. Full compensation of the AGS space
charge effect would require insertion of four meters of such cores. The cores
can be fit into stainless steel chambers with vacuum flanges at each end. Two

1



PROPOSAL FOR ION SOURCE STUDIES FOR THE PROTON DRIVER

Summary

Title: H™ Ion Source R&D for the Proton Driver

Collaborating labs and contacts: LBNL (K. Leung) and Fermilab (W. Chou).
Duration: January 1999 - December 1999

Budget: $60,000

Description of the Work

In the development of a muon colliding beam facility and/or a muon storage
ring, the proposed source for muons is a fast cycling proton synchrotron (the proton
driver) capable of delivering two or four bunches per cycle with total beam intensity
10 protons per cycle. This proton driver is also useful for low energy intense muon
beam and neutrino beam experiments, in which the KEK and CERN have shown
interest. In order to stack 10'* protons in the proton driver, a powerful H™~ source
is required. This source will provide an intense H™ beam that will be transported,
bunched, chopped and accelerated in a linac system and, then, will be injected to
and stripped and stacked in the prton driver. Assuming that the transport efficiency
is 80% and one-third of the beam will be chopped, the required intensity of the H™
beam from the source is 30,000 mA-us. To achieve this goal, one may consider two
possible scenarios: (a) a pulse current of 150 mA and a pulse length of 200 us, or
(b) 75 mA and 400 ps. At a repetition rate of 15 Hz, the duty factor for (a) and (b)
will be 0.3% and 0.6%, respectively. At this moment, scenario (a) is considered to
be the preferred one, because a long injection time will lead to bunch tilting due to
synchrotron oscillation, which makes longitudinal painting difficult.

The ion source group at the LBNL has a long history of designing and building
various types of ion sources with good beam quality. Its ion sources are used by
many institutions over the world. It has the needed expertise, machine shop and
measurement facility. One of its test stations can be made available for the purpose
of testing the ion source of the proton driver.

We propose to start an H™ source R&D program for the proton driver at the
LBNL. It will be staged as follows:

1. Modify the SSC H~ prototype source for Cs and H, operation.

2. Set up the LBNL 2 MHz RF generator for 200 us ot 400 us pulse lengths at a
repetition rate of 15 Hz.

3. Produce H™ beam current of 75 mA at 400 us pulse and 150 mA at 200 us

pulse.
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BEAM HALO AND SCRAPING

__The 7th ICFA Mini-Werkshep on
High Intensity High Brightness Hadron Beams

Interlaken Resort on Lake Con
September 13-15, 19

ne, Wiseonsin

The topics to be covered include beam halo creation, control and measurements, nonlinear
phenomena, beam loss causes; experience at AGS, Fermilab, CERN and KEK machines, studies for
ESS, SNS, NSP, APT, JHF, Proton Driver, LHC and RHIC projects; tolerable beam loss rate with
respect to machine component activation and lifetime, and impact on the environment (prompt and
residual radiation); beam collimation possibilities, constraints, experience, design studies for new
projects, and use of bent crystals.

Organizing Committee

Jose Alonso (ORNL)

Weiren Chou (FNAL - co-chair)
Pat Colestock (FNAL)
Alexandr Drozhdin (FNAL)
Roland Garoby (CERN)
Yoshiro Irie (KEK)

Bernard Jeanneret (CERN)
Hans Ludewig (BNL)

Shinji Machida (KEK)

Phil Martin (FNAL)

Nikolai Mokhov (FNAL - co-chair)
Yoshiharu Mori (KEK)

Thomas Roser (BNL)

Cynthia Sazama (FNAL - secretariat)
Walter Scandale (CERN)

Tom Wangler (LANL)

Chris Warsop (RAL)

Bill Weng (BNL)

Hideaki Yokomizo (JAERI)

Further information and registration procedures can be obtained via WWW at
http://www-ap.fnal.gov/~mokhov/icfa99/
or by contacting:
Cynthia Sazama, Fermilab, MS 122
P.O. Box 500, Batavia, IL 60510-0500, Telefax: 630-840-3867
sazama@fnal.gov

Abstraet de

August 1999



